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Abstract 
The quality and the quantity assessment of the structure of the AlSi13Cu2 alloy matrix composites reinforced with carbon fibre in the 
amount of 5, 10, or 15 vol. percent has been presented. Due to the poor wettability of carbon fibre by molten AlSi alloy and the low 
castability of the examined composites, the Ni-covered fibre with 0.25 µm thick Ni layer has been used and the pressure casting 
technology has been employed. The chemical interaction between Ni layer and the molten AlSi alloy has been estimated in the 
thermodynamic aspect using the Thermo-Calc calculation packet as well as performing the microstructural investigations by means of 
transmission electron microscope. Simulations of solidifying have been carried out and the phase composition of the metal matrix has been 
determined. Microstructural examinations have proved that the total dissolving of the Ni layer occurs under the conditions of composite 
production and the phases of the Al3Ni type (Fe and Cu dopped) arise. These phases occur in the form of independent precipitates in the 
whole volume of matrix as well as the ones locally grouped around the carbon fibres. 
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1. Introduction 
 
Production of composite castings with aluminium matrix 
reinforced with carbon fibre of uniform structure and high 
serviceability is a difficult technological task. The fibre used for 
composite production is available in the form of dense packed 
bunches containing several to several thousand elementary fibres, 
each of them of a diameter of micrometer order. Carbon fibre is 
practically unwettable by aluminium at the temperatures below 
1100°C [1, 2] and during the prolonged contact it reacts with 
molten metal generating the brittle and hygroscopic Al4C3 carbide 
[3-5]. The above reasons cause the segregation of fibre in 
a composite slurry followed by the structural non-uniformity of 
a  casting. The presented composites exhibit also the low 
castability [6, 7]. The proper filling of the mould cavity can be 
achieved only under the elevated and the high external pressures, 
and for that reason the choice of casting methods is restricted only 
to such techniques as pressure or squeeze casting. The 
improvement of wettability and better protection of carbon fibre 
can be achieved by suitable preparation of the reinforcement 
surface. The most common solution in the technology of 
composites is covering the reinforcement with a metallic cover of 
Ni, Cu; a barrier cover of SiC, B4C, TiC, SiO2; or a special cover 
of Na, Na2B4O7, B2O3 [3-10]. The metallic covers are however 
submitted to dissolving during preparing and mixing of composite 
slurry and this can cause the destroying of the reinforcement if the 
contact between the fibre and molten metal is too long [7-11]. 
Kinetics of dissolving the Ni layer in molten AlSi alloy and the 
limit mixing time of composite slurry is presented in Ref. [12]. 
Also a change of chemical composition of the metal matrix takes 
place as a result of Ni dissolution. The matrix is enriched in the 
new alloy component and its quantity determines the structural 
changes in a casting. The new phases can occur, significantly 
influencing the alloy crystallization and serviceability of the 
resulting composite material [13, 14]. The purpose of the present 
work is the quality and the quantity assessment of composite 
structure changes caused by the dissolution of the nickel layer 
during preparation of the AK132-CF fibre composite suspension. 
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examination 
 
The examined material has been the AlSi13Cu2 alloy matrix 
of chemical composition: Si=11.0-12.5%, Cu=1.75-2.50, Fe=0.7-
1.0, Mn=0.5, Mg=0.2, Ni=0.3 with admissible impurities Zn=0.8-
1.0, Sn=0.1, Pb=0.15. The reinforcement has consisted of HTA 
2M81 carbon fibre with Ni cover (0.25 µm) made by TENAX, its 
diameter being ∅ 7.5 µm and length of 5 mm. These components 
have been used for producing composites containing 5, 10, or 15 
volume percent of the carbon fibre. Composite suspension has 
been prepared by mixing the liquid matrix alloy with the required 
volume fraction of carbon fibre. The following mixing parameters 
have been applied: mixing time 300 s, angular velocity of mixing 
propeller 10 s
-1. The prepared suspensions were cast into the 
multi-cavity mould mounted on the cold chamber horizontal 
pressure casting machine DMKh160. 
The chemical interaction between Ni layer and the molten 
AlSi alloy has been estimated in the thermodynamic aspect using 
the Thermo-Calc calculation packet as well as carrying out the 
microstructural investigations by means of PHILIPS CM20 
TWIN transmission electron microscope (TEM) equipped with 
the EDS probe of the PHOENIX type, made by EDAX. 
 
 
3. Simulation of the composite matrix 
solidifying 
 
Calculations have been performed for composites of chosen 
volume fraction of the carbon fibre (CF) equal to 5, 10, or 15 %, 
assuming that the Ni layer of 0.25 µm thickness dissolves totally 
during the composite production. The quantity of the dissolved 
nickel in the molten AK132 alloy depends on the volume fraction 
of reinforcement and is presented in Table 1. 
 
Table 1. The quantity of nickel dissolved in the composite matrix 
with respect to the carbon fibre volume fraction 
CF volume fraction, %  Quantity of the dissolved Ni, % 
5 2,47 
10 5,07 
15 7,83 
 
Taking into account the above changes in chemical 
composition of AK132 alloy, the simulations of its solidifying 
process have been performed. Each simulation has been carried 
out for the non-equilibrium conditions assuming that no diffusion 
occurs in the solid state. Calculations have been performed in the 
Scheil-Gulliver module using the SSQL basis containing thermo-
physical data for binary, ternary and multi-component alloys. 
During these simulations the solidifying curves of alloys and 
the growth of the individual structural components with respect to 
the temperature have been determined. The simulation results are 
shown in Figs 1-4. Fig. 1 presents an exemplary solidifying curve 
of the composite matrix, while Figs 2-4 illustrate the weight 
fraction of solidifying phases against the temperature for 
composites containing 5, 10, or 15% of carbon fibre, respectively. 
 
 
Fig. 1. Solidifying curve for matrix of the composite containing 
15% of carbon fibre 
 
 
Fig. 2. Weight fraction of the crystallizing phases versus 
temperature, composite containing 5 vol. % of CF 
 
 
Fig. 3. Weight fraction of the crystallizing phases versus 
temperature, composite containing 10 vol. % of CF
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Fig. 4. Weight fraction of the crystallizing phases versus 
temperature, composite containing 15 vol. % of CF
 
 
4. Microstructural examination of 
composites 
 
A typical arrangement of carbon fibre in composites produced 
by pressure casting method is shown in Fig. 5. The following 
figures, 6 and 7, illustrate the results of microstructural 
observations: surface distributions of Al, C, Si, Cu, Ni, and Fe 
elements, characteristic interfacial boundaries and the results of 
linear chemical analyses. Examination reveals composite structure 
at two magnification levels, 2,000× and 27,500×. The first level is 
of general review character and presents the arrangement of the 
basic structural components of composite: the α phase, the 
eutectic mixture, intermetallic phases, and carbon fibre. The 
occurrence of individual elements (structural components) has 
been depicted on the basis of EDS Mapping. At higher 
magnifications the microareas from the interface regions have 
been analysed. The surface state of individual carbon fibres has 
been assessed, the presence of the Ni layer or Al3Ni phase 
checked, as well as the occurrence of Al4C3 carbide and other 
non-metallic inclusions. 
 
 
 
Fig. 5. The structure of the AlSi13Cu2 - 15% CFNi composite 
produced by the pressure casting method, magn. 100× 
 
 
 
C Al 
 
 
Si Ni 
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Fig. 6. Microstructure of composite and the surface arrangement 
of elements at magn. 2000× 
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Rys. 7. Structure and linear distributions of  C, O, Al, Si, Fe, Ni, 
Cu at the matrix-fibre interface region, magn. 27500× 
 
 
5. Analysis of results and conclusions 
 
Simulation of the composite matrix solidifying process has 
allowed for the initial quality and quantity assessment of its 
structure. The predicted matrix structure has been composed of 
the intermetallic phase Al3Ni, pro-eutectic silicon, binary eutectic 
α(Al) + Si, ferrous phases AlFe, and ternary eutectic 
α(Al)+Si+Al2Cu. The quantity of individual components has been 
shown in Figs 2-4. It has been calculated that due to the nickel 
layer dissolution the content of Al3Ni phase in the matrix amounts 
to 6.5% for the composite containing 5 vol. percent of CF, while 
for the composite containing 15% of fibre it rises up to about 
18%. The presence of the above mentioned phases has been 
confirmed by TEM examination. This examination has proved 
that under the condition of composite production the complete 
dissolving of the Ni layer takes place and the phases of Al3Ni type 
(Fe and Cu dopped) arise. These phases occur both in the form of 
independent precipitates in the whole volume of matrix and as the 
precipitates locally grouped around the carbon fibres. Also silicon 
crystals and Al2(Cu,Ni) phases can be found in the direct contact 
with the fibres. The produced composites exhibit uniform 
arrangement of the carbon fibre in the whole volume of matrix. 
The occurrence of typical composite structural defects – i.e. local 
fibre segregations, conglomerates, intercrystalline cracks, 
discontinuities in the form of blowholes at the reinforcement 
surface, slag inclusions etc. –  has not been registered. The 
performed examination allow for stating that applying the 
Ni-covered carbon fibre with simultaneous employing the 
pressure casting technology provide for obtaining composite of 
anisotropic structure with distinctly separated and uniformly 
distributed reinforcing phase. 
fibre   
  matrix 
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